Cervical cancer continues to be a serious public health problem in the developing world, including China. Because of its large population with geographical and socioeconomic inequities, China has a high burden of cervical cancer and important disparities among different regions. In this review, we first present an overview of the cervical cancer incidence and mortality over time, and focus on diversity and disparity in access to care for various subpopulations across geographical regions and socioeconomic strata in China. Then, we describe population-based cervical cancer screening in China, and in particular implementation of the National Cervical Cancer Screening Program in Rural Areas (NACCSPRA) and the challenges that this program faces. These include low screening coverage, shortage of qualified health care personnel and limited funds. To improve prevention of cervical cancer and obtain better cancer outcomes, the Chinese government needs to urgently consider the following key factors: reducing disparities in health care access, collecting accurate and broadly representative data in cancer registries, expanding target population size and increasing allocation of government funding for training of personnel, improving health education for women, enhancing quality control of screening services and improving a system to increase follow up for women with positive results.
Introduction
Cervical cancer continues to be the most common cancer among Chinese women. Because of its large population with significant regional and socioeconomic disparities, substantial inequity in financial resources, infrastructure, health care staff, and access to health care, China carries a heavy global burden of cervical cancer, and significant disparities exist in cervical cancer burden across different regions. In order to reduce the gap in cervical cancer burden between different regions, the Chinese government implemented several important measures, including the implementation of the National Cervical Cancer Screening Program in Rural Areas since 2009. This review will describe the cervical cancer burden in China, analyse the possible factors influencing disparities in cervical cancer burden among different regions, the state of the national program, and then describe the major challenges to more effective implementation of this program. Finally it provides recommendations to improve the delivery and outcomes for cervical cancer screening and reduce the inequalities in rates that exist across different regions. We hope that this review triggers a considered debate among policy makers and contributes to improved measures for cervical cancer prevention and control in China.
China's achievements in reducing incidence and mortality of cervical cancer have been significant. The detection rate of cervical cancer decreased from 145 per 100 000 women in the 1950s to 8.2 per 100 000 women in the 1990s (MOH, 2006) . However, comparison of data from 2003 to 2010 indicates that cervical cancer incidence and mortality have increased in the 21 st century (Figure 1 ). A comparison of the latest Chinese Cancer Registry Annual Report (CCRAR) (2013) with the previous one (2004) , identifies that although there was a steady incidence trend of 7.4/100,000 in rural areas from 2007 to 2009, the national incidence has increased by 157.9% from 2003 to 2010 (NOCPC et al., 2010; NCC et al., 2012; 2013) . Furthermore, the sharp increase in incidence from 2009 to 2010 in both rural and urban areas requires further investigation.
A comparison of 2003 and 2010 surveys ( Figure  2) indicates that the national mortality rate for cervical cancer has also increased incrementally (NOCPC et al., 2008; NCC et al., 2013) , with an overall increase in that period of 116.7%. Similar to incidence, the mortality CASR increased rapidly from 2009 to 2010. The data shows that the increase in rate is higher in urban areas compared to rural areas.
The data for incidence and mortality of cervical cancer in China presented in this review is from the Chinese National Central Cancer Registry (NCCR). Since it was established, the number of cancer registries has increased rapidly, from the original 30 registries distributed over 18 of the 31 provinces to 216 registries across the whole nation in 2010 (NCC et al., 2013) . From 2009 to 2010, the number of qualified registries and the population coverage increased sharply. There were 72 qualified registries in 2009 (covering about 6.4% of China's population), compared with 145 in 2010 (covering about 11.9% of the population) (NCC et al., 2013) . Furthermore, in order to improve the quality of the registry data, in 2010 the NCCR carried out a comprehensive evaluation and surveillance of the cancer registration system, balanced the number of registries in urban and in rural areas, and distributed registries across the whole nation (NCC et al., 2013) .
Although the population coverage has increased rapidly, it still remains low in contrast to the 96% coverage of registries in the USA and nearly 100% coverage in the UK (NCC et al., 2012) . Besides the limitation of coverage, the quality of registration data is also deficient. The 2010 evaluation by IARC of registration data quality for cancer incidence in 5 continents found that data from only 12 registries in China was considered to be of a high enough standard for inclusion in their study (NCC et al., 2013) .
The low proportion of the population covered and the poor quality of data represented in the NCCR hinders accurate data interpretation; moreover, the data reported significantly lags behind the actual situation (it can only reflect the situation of cervical cancer three years ago), so the true and timely burden of cervical cancer in China estimated solely on the basis of cancer registration data is difficult. For all these reasons, it is not clear that the sharp increase of cervical cancer incidence and mortality from 2009 to 2010 can be attributed to the rapid expansion of coverage and improved data quality and hence improved data collection and reporting, or to the implementation of the NCCSPRA in 2009 which increased resources and capacity to improve screening and hence detection and monitoring in these areas. Analysis of additional years of data will help to better understand this trend and the factors contributing to it. However, it is clear from these figures that there is an overall increasing trend in both incidence and mortality in the reporting period from 2003-2010.
Both measures of incidence and mortality for cervical cancer are unequally distributed across different regions of China, with notable differences between rural and urban areas, and eastern, central and western regions.
According to the 2013 CCRAR, in 2010, the national incidence of cervical cancer was 8.9/100,000 (Chen et al., 2014) . The incidence of cervical cancer in urban areas was slightly higher (13%) than in rural areas and it also varied among different regions of China (Table 1) , with the highest incidence observed in central regions, followed by eastern and western regions (NCC et al., 2013) .
The 2013 CCRAR indicates the national mortality from cervical cancer was 2.8/100,000. The range in mortality among regions is smaller than that for incidence. The ratio of cervical cancer deaths to the number of new cases was 0.25 in urban areas, whereas in rural areas it was 0.3. This phenomenon is also reflected in the eastern, central and western regions ( Table 2 ). The mortality-toincidence ratio for eastern regions is 0.24, compared with 0.28 in central regions and 0.34 in western regions (NCC et al., 2013) .
To understand the disparities of cervical cancer burden of different areas within China, one must understand the social and economic aspects of the different regions. Urban areas are defined as where economic development, politics, and culture do not centre on agriculture (Jian et al., 2010) . Eastern China, the most economically advanced of the three regions with a GDP of US$5464 includes all of the seacoast and covers an area of 12.9 million square kilometres (Jian et al., 2010; Goss et al., 2014) . Urban residents make up 64.7% of the population (NBS, 2014b) . Central China, with an area of 28.2 million square kilometres, has a GDP of US$2630 (Jian et al., 2010; Goss et al., 2014) , and 48.7% of the population live in urban areas (NBS, 2014b) . Western China is the less developed region, with a vast area of 54.1 million square kilometres, some of which is remote and contains a large proportion of ethnic minorities. It has a GDP of US$2354 (Goss et al., 2014; Jian et al., 2010) , and only 43.8% of its population are urban residents (NBS, 2014b) .
In China, 50.6% of the population lived in urban areas in 2011. Moreover, the government plans to accelerate urbanisation to increase this by 2.9% annually (WHO, 2011b) . With rapid urbanization and economic growth, more and more rural labour has entered the cities seeking employment opportunities. Based on the National Bureau of Statistics (NBS) census data, the estimated number of rural migrant workers (farmers who migrate to urban areas for work) was 20 million in 1990, 45 million in 1995, and 79 million in 2000 (Qin et al., 2014) . By 2013 this number had grown to 269 million (NBS, 2014a) . Millions of rural people in the central and western regions have flooded into eastern industrial centres to work and this pattern of internal movement accounts for 72.4% of all migrant workers (Yao and Ren, 2007) . The economic growth, urbanisation and internal migration have brought lifestyle changes with increasingly westernised dietary habits, and increases in smoking rates, infectious diseases rates, and environmental pollution (Tsu et al., 2013; Goss et al., 2014) . These changes have contributed to the increasing importance of non-communicable diseases, including cervical cancer, in the health landscape of China (Goss et al., 2014) . These rapid, large scale social changes have increased social disparities between urban, rural and migrating populations in China. Roughly 44% of rural people live without access to sanitation facilities, compared with 26% of urban people (WHO, 2012) . Rural people continue to have poorer education and employment, lower socioeconomic status and poorer access to health services (Goss et al., 2014; Jian et al., 2010) . For example, there are 15.8 registered doctors or nurses per 1000 people and 6.88 hospital beds per 1000 population in urban areas, compared with 5.9 doctors per 1000 people and 3.11 hospital beds per 1000 population in rural areas (NHFPC, 2013a) . These issues are risk factors for developing cervical cancer and hinder patients' access to cancer care. Consequently they are likely to have cancer diagnosed at a later stage, leading to restricted treatment options and poorer cancer outcomes (Jia et al., 2013; Thulaseedharan et al., 2013; Tsu et al., 2013; Goss et al., 2014) .
Substantial social and health inequalities also exist between the more developed eastern regions, developed central regions and less developed western regions. There are 11.2 registered doctors or nurses per 1000 people in eastern China, compared with 6.6 per 1000 in rural western China (NHFPC, 2013a). The inequities also exist for rural migrant workers. Although the data from the China Health Statistics Yearbook in 2013 shows that 98.3% of the rural population are covered by the New Rural Cooperative Medical System (NRCMS) (NHFPC, 2013a), only 16.7-26.6% of rural migrant workers have access to Urban Employee Basic Medical Insurance (UEBMI) and Urban Resident Basic Medical Insurance (URBMI) (Qin et al., 2014) . Due to the lack of insurance coverage, high outof-pocket expenditure is required (Song et al., 2010) and this combined with a tendency to rely on self-medication (self-diagnosis and self-treatment) (Liang et al., 2010) contributes to the situation where 53% of migrant workers do not access a doctor when they become ill (Shao et al., 2013) . It can be argued that all the geographical and socioeconomic disparities above, together with the lack of an equitable national social-support system (Goss et al., 2014) , has led to the differences observed in incidence and mortality in cervical cancer between different regions within China.
Population-based cervical cancer screening program in China
In China, the maternal child health (MCH) system plays a key role in delivering organized cervical cancer screening. Hence to understand the national populationbased cervical cancer screening program, the structure of the MCH system and its role in delivering organized cervical cancer screening is described.
The MCH system was one of the first public health service systems established following the founding of the Peoples Republic of China in 1949. It consists of maternal and child health professional institutions at urban and rural primary health care facilities. In China, maternal and child health institutions are government-organized, notfor-profit public institutions with the roles of organizing, managing and providing women and children's health services. This includes both individual treatment services, but also the design and implementation of prevention activities aimed at individuals and populations. This system has played a vital role in improving women and children's health in China (MOH, 2012c). The Maternal Mortality Rate fell markedly, from 80/100,000 in 1991 to 24.5/100,000 in 2012 (NHFPC, 2013a). The Infant Mortality Rate in 2012 was 10.3%, down by 79.4% and 68.0% respectively from 1991 and 2000. The under-five mortality rate was 13.2% in 2012, down by 78.4% and 66.8% respectively from 1991 and 2000 (NHFPC, 2013a) .
Within the prevention and treatment activity for common gynaecological diseases, cervical cancer screening has become the most significant routine work of MCH professional institutions (e.g. MCH hospitals) (MOH, 2006) . In the 1970s and 1980s, in urban areas organized cervical cancer screening was mainly carried out in state owned enterprises especially in the textile sector, as a free service for female workers. In rural areas, free or low-price pap-smear screening was delivered for female villagers by the MCH (MOH, 2006) . Because of the ongoing implementation of the strategies for prevention of common gynaecological diseases both in urban and rural areas, many regions such as Shanghai, Beijing and Jingan county in Jiangsu province have been very successful in reducing cervical cancer incidence (MOH, 2006) .
However the economic reforms in the early 1980s and associated profit driven enterprises have led to a decline in corporate funds for cervical cancer screening (Shi, 2003; Shen, 2007) , placing more burden on the government funded system. In addition since China's economic reforms in the 1980s, MCH institutions have been forced to be increasingly profit-oriented due to inadequate government funding and support. The marketoriented approach of providing MCH services conflicts with the public function of MCH services. The position and importance of maternal and child health services is changing due to the impact of the market economy. Given the limited financial support provided by the government, MCH services have changed with an emerging emphasis on "treatment over prevention" and on "paid over non-paid services". The combination of inadequate government funding and the imposition of client fees for MCH services has negatively impacted the utilization and access to MCH services in low income population groups, .
In 2009, in order to reduce regional disparities in cervical cancer burden, China's government launched the NCCSPRA. It was the first time that the Chinese government had proposed to gradually widen access in rural areas to cervical cancer screening services and it represented a step towards nationwide provision of cervical cancer screening (Lancet, 2009) .
The MCH institutions at all levels are responsible for implementation of the program, providing technical services support for health education, consultation, and screening and diagnosis services (Figure 3) . They also collect, summarize, analyse and report related information, develop health education resources about prevention and control of cervical cancer, organize the expert group to carry out technical guidance and quality control, and follow-up positive cases. The health institutions at the county level and above are responsible for providing medical services for those suspected cases and feeding back the results of diagnosis to the institutions where the cases originated. The Women's Federations at all levels are responsible for organizing the women to participate in cervical cancer screening (MOH, 2009) .
The township level hospitals are responsible for collection and fixation of the smear, collection of Human Papillomaviruses (HPV) DNA specimen or providing visual inspection with acetic acid or Lugol's iodine (VIA/ VILI) tests. The health institutions at the county level and above are responsible for cytology reading, HPV testing, providing colposcopy and pathologic examination (MOH, 2009 (MOH, , 2012a NHFPC, 2014) .
From 2009 to 2011, 11.69 million rural women aged between 35 and 59 years in 221 pilot counties, covering 31 provinces and autonomous regions received this free service (MOH, 2012b) . By design, the pilot counties were concentrated in China's less developed central and western regions. Among the 221 pilot counties, 50% of the counties are in western regions and 35% are in central regions (MOH, 2009) .
Although the screening service in this program was provided free to all target women, the funds allocated from government didn't include funds for training service providers, follow-up or treatment services. Financial support for treatment services included only insurance NRCMS added cervical and breast cancer treatment to the scope of major illness protection in 2011 and special one-off funds for those most vulnerable were provided by The All China Women's Federation (MOH, 2012b) .
Following World Health Organization (WHO) recommendations (WHO, 2007) and considering the demography and the financial situation in China, beginning in 2012, the screening target age was changed from 35-59 to 35-64 years. The number of women eligible to access the free service increased to 30 million women from rural areas across 1185 counties in (MOH, 2012a .
The cervical cancer screening program in rural areas of China has been operating now for almost 5 years. However, there remain some important challenges to improve its outcomes.
Low screening coverage rate
WHO recommends that high coverage, around 80% of the population at risk of cervical cancer, is an important factor for a successful screening program (WHO, 2006) . Analysis of the cervical screening program in Mexico indicates that despite the implementation of a national screening program, a steady unchanging rate of mortality of 16/100,000 over 35 years was observed; principally due to factors associated with screening coverage and quality (Lazcano-Ponce et al., 1999; Lazcano-Ponce et al., 2008) . A decrease in cervical cancer mortality has also been shown to be directly associated with coverage and participation rate in developed nations (IARC, 2005) . It has been shown that for each unit of increase in screening coverage, the rate of cervical cancer mortality decreases by 0.07 (Lazcano-Ponce et al., 2008) . Other data indicates that achieving a coverage rate of 25% is associated with a reduction in life-years lost of 21-25%, and with 100% coverage the reduction in life-years lost could be 84-99.9% (IARC, 2005) .
In China the total number of 35-64 year-old rural women is 156 million (MOH, 2013) and hence the 30 million target set in the national rural program only represents a screening coverage of 19% of eligible rural women. For this reason, increasing the screening coverage of rural women in China must be a priority.
Shortage of qualified health care personnel
Despite the Chinese government prioritizing increases in the quality and technical capacity of public health personnel over the past few decades (WHO, 2011) the issues of shortage of trained health care personnel and their availability in rural areas still remain. According to a report investigating resources and the operational situation of MCH institutions that covered 99.7% of MCH institutions, in county level MCH institutions which constitute the main implementers of the national rural screening program, 70.4% of service providers had education levels below bachelors degree, 28.5% had a bachelor degree and only 1% had a Masters or higher degree. 64.8% of service providers had only a primary technical qualification or no qualification (NCWCH, 2014) .
In addition, qualified health workers are not well distributed across the country. Due to an inability to attract and retain qualified health workers, rural health systems especially in resource-poor areas, lose experienced health professionals to hospitals in urban areas (WHO & China National Health Development Research Centre, 2012) . A shortage of service providers poses a significant barrier to the delivery of quality cervical cancer screening services (IARC, 2005; WHO, 2006) .
Insufficient compensation from the government
In China, one limitation of the current program is that although the target women receive a free screening service, the additional funds from the program only provide the costs for screening tests and diagnosis (MOH, 2009 (MOH, , 2012b NHFPC, 2013b NHFPC, , 2014 . This means that management organizations and hospitals which are responsible for organizing women, providing screening services, follow-up, and health education have to finance these related expenditures from their own operational budgets. Although the local governments are given the responsibility of financing the management of the program (MOH, 2009), they are seldom able to raise revenue through taxes to finance public health services, especially in resource-poor areas. Moreover, compared with other health issues like maternal mortality, cervical cancer prevention is not deemed a priority issue in these regions (Goss et al., 2014) . Thus, many implementation organizations and hospitals have insufficient resources for organizing women, training personnel, equipment for screening and diagnosis, follow-up, health education, and screening service quality control. At the county level, 41.7% of MCH institutions are either in a state of balanced budget or in deficit. Only 7.2% of county level MCH institutions had equipment for pathologic examination and 24.9% had equipment for staining or reading cervical smears slides and 78.8% had equipment for colposcopy (NCWCH, 2014) . These figures suggest that shortage of funds for comprehensive implementation of the program remain a challenge for the current program to meet its goals. Due to this lack of management funds for the program, low participation rates (Xia et al., 2012; Jia et al., 2013) , low capacities of service providers (Zhu, 2011; Xia et al., 2012) , subsequent poor quality of services (Chen, 2009) , and low rates of follow-up for positive screening results (Zhou et al., 2011) have already emerged in some program areas.
Conclusion
As the largest and most populous of the low to middle income countries in the world, China carries a large burden of cervical cancer (NCC et al., 2012; 2013) . Although reducing the gap in inequality in health between rural and urban areas has been a focus of the Chinese government's health reform efforts since 1997, (Jian et al., 2010; WHO, 2011a) , due to geographical and socioeconomic inequities (Jian et al., 2010; WHO, 2012; Goss et al., 2014) , disparities in cervical cancer burden between different regions still persist (NCC et al., 2013) . In order to reduce the high burden of cervical cancer in China, the Chinese government has implemented several important measures, including a national cervical cancer screening program in rural areas of China since 2009. Although this current program has achieved some important results in improving detection of cervical cancer or pre-cancer lesions (MOH, 2012b) , the benefits of the program have not been fully realised. Despite the large scale investment made through development and implementation of NCCSPRA, figures presented in this paper suggest an overall increasing trend in both incidence and mortality rates. This increase may relate to the relatively short time since initial roll out (5 years), and to the weak quality of cervical cancer registration data (NCC et al., 2013) . This situation might also be due to factors associated with low coverage rate (MOH, 2013) , shortage of qualified health care personnel (MOH, 2013; NCWCH, 2014) and insufficient compensation from the government (MOH, 2009 (MOH, , 2012b NHFPC, 2013b NHFPC, , 2014 , with a subsequent low participation rate (Jia et al., 2013; Xia et al., 2012) and poor quality of screening test, diagnosis and treatment, and follow-up for positive screening results (Chen, 2009; Zhou et al., 2011) .
Hence, to improve the delivery and outcomes for cervical cancer care and narrow the inequalities between different regions in China the following key factors need consideration: reducing disparities in health care access, collecting accurate and broadly representative data in cancer registries, expanding target population size and enhancing the allocation of government funding for training, health education, quality control and follow-up.
